A study was made on the effects of cervical headgear on dentofacial structures, especially non-erupted teeth, in the early and late mixed dentition periods. Pretreatment and post-treatment cephalometric evaluation was done on 8 patients in the early mixed dentition period and 10 patients in the late mixed dentition period. The results showed that any reference line passing through Ptm point should not be used to evaluate the efficiency of cervical headgear, and that such headgear is more effective on non-erupted teeth in early mixed dentition.
Introduction
Extraoral traction for distalization of upper first molars has been used to establish an ideal occlusion [1] [2] [3] [4] . Several investigations [5] [6] [7] have indicated a compound effect on the craniofacial skeleton, and dental and dentoalveolar structures. Even if traction is applied to the first permanent molars, an indirect distal effect on both erupted and non-erupted teeth can be seen in the upper dental arch. In other words, transseptal interdental ligaments cause diastemas to appear between the teeth [8] [9] [10] .
The purpose of this study was to investigate the effects of cervical headgear on dentofacial structures, especially non-erupted teeth, in the early and late mixed dentition periods.
Subjects and Methods
The subjects were 18 patients with skeletal class 1, dental class 2 malocclusion, with a maximum 6 mm upper arch discrepancy. Each subject received treatment for distalization of the upper first molars, in order to establish a normal overbite, overjet and molar relationship.
The subjects were divided into two groups. One comprised eight subjects with early mixed dentition, having a mean skeletal age of 8.3 y and a dental age of 8.3 y according to Nona". In this group, the cuspids, and first and second bicuspids had not yet erupted and there was no adequate space for the second bicuspids. The other group comprised 10 subjects with late mixed dentition having a mean skeletal age of 10.2 y and a dental age of 9.3 y according to Nolla [11] . The subjects in the late mixed dentition group showed minimum crowding of the anterior teeth with inadequate space for the cuspids, and first and second bicuspids.
This study was based on lateral cephalometric films, periapical and hand wrist radiographs which were taken before and after molar distalization.
The 18 subjects were given orthodontic treatment with long cervical facebows, parallel to the occlusal plane, worn 16 h per day, with a force of 600 g. The average treatment time was 10 mon for the early mixed dentition group and 10.8 mon for the late mixed dentition group.
Sixteen anatomic landmarks were traced after a careful study of pretreatment and post-treatment lateral cephalometric radiographs of each patient [12] [13] [14] [15] [16] (Fig 1) .
Two coordinate systems related to the cranial base and to the maxilla were established, and the tracings in the first radiographs were superimposed on the second radiographs. In the coordinate system related to the cranial base, a CT horizontal reference line passed through point C (the most anterior point of the cribriform plate at the junction with the nasal bone) and point T (the most superior point of the anterior wall of the sella turcica at the junction with the tuberculum sella). RD 1 was a line perpendicular to the CT plane at point T and used as a vertical reference line for the following measurements. According to the coordinate systems related to the maxilla, the ANS-PNS plane was defined as a horizontal reference line, and a line perpendicular to ANS-PNS from point T was defined as the vertical line RD2. The following measurements were made according to these reference lines 3 (Fig. 4) .
Statistical analysis of the data was performed according to the accepted standard procedures. To define the method error for measurements, parameters which were chosen randomly were remeasured on the cephalometric films. The recurrence coefficients were then calculated. The Mann-Whitney U test was used to evaluate the significance of differences between the two groups, and the Wilcoxon test was used to determine the significance of the treatment results in both groups. Correlation testing was done to define the relationship between the distalization of the upper first molars and other dental changes in both groups [17] .
Results
The difference between skeletal and dental age in the early and late mixed dentition groups was found to be significant. However, the average treatment time between these groups was not significantly different (Table 1) .
In the early mixed dentition group, the differences between pretreatment and post-treatment linear and angular measurements related to the cranial base are shown in Table 2 .
The changes at Ptm/RD 1, CT/ANS and A/CT, at the axial inclination of the canines, first and second bicuspids and second molars up to CT were found to be significant. The changes in the distance perpenLinear measurements (Fig. 3) Measurements made in local superimpositions (Fig. 4) dicular to RD1 from the canines, first and second bicuspids and second molars were also found to be significant (Table 3) .
In the late mixed dentition group, the differences between pretreatment and post-treatment linear and angular measurements related to the cranial base are shown in Table 4 .
Significant changes in SNA, ANB, Ptm/RD1, CT/ANS-PNS, ANS/CT, A/CT and N/RD 1 were found. The linear measurements between U6/CT and the changes in the distance between RD 1 and the canines, first and second bicuspids and first and second molars were found to be significant (Table 4) .
The pretreatment and post-treatment linear and angular measurements related to the cranial base in the early and late mixed dentition period are shown in Table 5 .
In the early mixed dentition group, the changes in local superimposition of pretreatment and post-treatment values of the axial inclination of the first bicuspid and second molar, U3/RD2, U6/RD2 and U6/ANS-PNS were found to be significant (Table 6 ).
In the late mixed dentition group, significant changes in the local superimposition of pretreatment and post-treatment values of U3/RD2, and U6/RD2 were found (Table 7 ). In the early mixed dentition group, pretreatment and post-treatment measurements related to the cranial base revealed that the changes between U6/RD 1 and U3/CT, U7/CT and U5/RD 1 were significant. In late mixed dentition group the changes in U6/RD1 and U5 /CT, U5/RD 1 were significant (Table 8 ).
In the early mixed dentition group, the changes in the values of U6/RD2 and those of U7/ANS-PNS, U3/RD2 and U7/RD2 were found to be significant upon superimposition. In the late mixed dentition group the changes in the values of U6/RD2 and those of U5/ANS-PNS, U4/RD2 and U5/RD2 were significant ( Table 9 ).
Discussion
The purpose of this study was to evaluate the effects of cervical headgear on non-erupted teeth and dentofacial morphology in 18 patients, in whom adequate space was supplied by distalization of the permanent first molars. The patients were in the early mixed dentition period, and another 10 were in the late mixed dentition period.
In both groups, the cervical headgear was worn 16 h per d with a force of 600g. The average treatment time was 10 mon for the early mixed dentition group and 10.8 mon for the late mixed dentition group. The effects of cervical headgear on craniofacial morphology were determined from tracings of pretreatment and post-treatment cephalometric rediographs. The effect of the cervical headgear on dentofacial components was determined in relation to the cranial base and the maxilla. The horizontal line described by Viazis [16] was used as the reference line. The tracings from the first radiograph were superimposed on the second radiograph.
In both groups, a significant decrease in SNA and ANB was found, similar to results reported in the literature [13, [18] [19] [20] [21] [22] . In the late mixed dentition group the increase in ANS/CT reflected descent of the ANS point, which could be explained by both growth modification and therapy [13, 20, 21] . Although in both groups the decrease in ANS/RD 1 was not significant, it nevertheless showed the effects of the cervical headgear. In another study, the more forward movement of the ANS point was found in a headgear group in comparison with controls [7] .
In this study, the downward movement of point A was found to be significant in both groups. However, the posterior positioning of this point, which was 0.65 mm in the early mixed dentition group and 0.45 mm in the late mixed dentition group, was not significant. The significant decrease in SNA and the non-significant posterior positioning of point A was a conflicting result. The decrease in SNA can be explained by forward positioning of point N, which can be seen in the early mixed dentition period.
In the early and late mixed dentition periods, the change in CT/ANS PNS showed downward tipping of the anterior palatal plane and clockwise rotation of the maxilla. This trend in the maxilla has been observed in several other investigations [7, 10, [13] [14] [15] 18, 19, 21, 23, 24] .
Cangialossi et al. [13] have reported that downward tipping of the anterior maxilla is caused by the distal force on the first maxillary molars. Although this distal force causes posterior and downward movement of the first molar, it prevents downward movement of the posterior part of the palate, although growth continues in the anterior part. In this study, posterior positioning of Ptm was a consistent finding in both groups. Although it has been reported that Ptm remains constant, several studies have demonstrated posterior positioning [7, 15, 18, 20, 21] .
Chaconas et al. [25] have demonstrated the force distribution on several craniofacial structures during cervical headgear therapy. These structures were the pterygoid plates of the sphenoid bone, the zygomatic arches, the junction of the maxilla with the lacrimal bone, the ethmoid and maxillary frontal processes, the junction of the palatinal bones and the maxillary molar region. Furthermore, the increase in force causes the force distribution in the pterygoid structures to move into the sphenoidal structures.
Ringenberg et al. [18] have observed a noticeable decrease in Ptm/NS distance, indicating inhibition of maxillary growth and distal positioning of the maxilla.
Mitani et al. [15] have demonstrated a 1-2-mm decrease in S/PTM distance during cervical headgear treatment, which was compensated after the treatment. Weislander120' have demonstrated 2-mm posterior positioning of the Ptm point in a cervical headgear group when compared to controls. This may have been due to resorption at the medial and lateral surfaces and apposition of the posterior part of the pterygoid palate, a small amount of resorption at the maxillary tuberosities and 1.5 degrees of posterior rotation at the sphenoid bone.
In another study, Weislander [7] observed descent and a small amount of anterior positioning at the Ptm point in a control group and downward and posterior positioning in a headgear group. Furthermore, clockwise rotation was seen at the sphenoid bone. Significant differences were found before and after headgear treatment in a 4-y period. In the treatment group, posterior positioning of Ptm in relation to the cranial base was shown [7] , and contrary to the findings of Mitani et al. [15] , efficiency of the headgear treatment and posterior positioning of the Ptm and maxilla were maintained [7, 21] . In the present study, the distalization of upper first molars was a consistent finding in both groups. Also, extrusion of the upper first molars in the late mixed dentition group was found to be significant. As a result of the change in the palatal plane, local superimposition on the maxilla was needed. This local superimposition revealed significant distalization of the first molars in both groups, and significant extrusion of the first molars in the early mixed dentition group. In the early mixed dentition group, the dental effect was 1.56 mm distalization, which is 48% of the total 3.19 mm. In the late mixed dentition group, the dental effect was 2.35 mm distalization, which was 63 % of the total 3.80 mm.
The total superimpositions in the early mixed dentition group, showed significant change in the axial inclination of the canines, first and second bicuspids and second molars. The decrease in the distance between these teeth and RD1 was also significant. On the other hand, local superimpositions showed a significant decrease in the axial inclination of the first bicuspids and second molars. The decreases in the axial inclination of the canines and second bicuspids, and the distance between RD2 and the second bicuspids and second molars were found not to be significant. There was a significant increase in the distance between the first bicuspid and RD2. The decrease in the axial inclination of the canines and the increase in the distance between the canines and RD2 reflected uprighting and mesial movement of these teeth.
Total superimpositions in the late mixed dentition group showed significant decreases between the distances of the canines, first and second bicuspids, second permanent molars and RD2. Upon local superimposition, the decrease in the axial inclination of the first and second bicuspids and the second permanent molars, and the distances between these teeth and RD2, were found not to be significant. The increase in the distance between the canines and RD2 was a consistent finding. As the effect of headgear therapy on the axial inclination of non-erupted teeth in the early mixed dentition period was highest, the dental distalization effect was more pronounced.
Dewel [26] , Weislander [22] , and Arrnstrong [8] have reported that headgear therapy in the early mixed dentition period is more successful, and that during the therapy, besides the maxillary first molars, distalization is evident at other teeth in the maxillary dental arch [10, 22, 26] .
According to the correlation between the dental changes and distalizations of the upper permanent first molars in the early and late mixed dentition periods, the following results were obtained.
Local superimpositions in the late mixed dentition period showed significant distalization of the first permanent molars, and changes in the axial inclination of the second bicuspids and the distance between the canines, first and second bicuspids and RD2. This emphasizes that the dental molar distalization in the late mixed dentition period could affect the movement of other teeth. Although in the early mixed dentition period the change in axial inclination of non-erupted teeth was found to be significant, only the correlation between the first molar and the decrease in the axial inclination of the second molar and the amount of distalization of this tooth were found to be significant.
Conclusions
1. In the early and late mixed dentition periods, since the amount of distalization occurring at Ptm is significant, any reference line which passes through Ptm can not be used to evaluate the effects of cervical headgear.
2. In the early mixed dentition period, the reason for the large decrease in axial inclination of the upper canines, first and second bicuspids and second permanent molars is skeletal change. Also in the late mixed dentition period, skeletal change is responsible for the significant amount of distalization occurring at the canines, first and second bicuspids and second permanent molars.
3. Cervical headgear is more effective on non-erupted teeth in the early mixed dentition period. Table 1 Mean differences between skeletal age, dental age and treatment time in the early and late mixed dentition periods Table 2 Pretreatment and post-treatment angular and linear measurements related to the cranial base in the early mixed dentition period (n=8) Table 3 Pretreatment and post-treatment angular and linear measurements related to the cranial base in the late mixed dentition period (n=10) Table 4 Pretreatment angular and linear measurements related to the cranial base in the early and late mixed dentition periods Table 5 Post-treatment angular and linear measurements related to the cranial base in the early and late mixed dentition periods Table 6 Mean differences between pretreatment and post-treatment values upon local superimposition in the early mixed dentition period(n=8) Table 7 Mean differences between pretreatment and post-treatment values upon local superimposition in the late mixed dentition period(n=10) Table 8 Correlation coefficients of mean differences between pretreatment and post-treatment values upon total superimposition in the early and late mixed dentition periods. Table 9 Correlation coefficients of mean differences between pretreatment and post-treatment values upon local superimposition in the early and late mixed dentition periods.
